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(57) ABSTRACT 

A method and corresponding network element configuration 
for delivering communications services between first and 
second survivable rings, each comprising a respective plu- 
rality of network elements, at least two of which are com- 
mon to both rings. For each particular service, one of the 
common network elements is designated as a primary gate- 
way node and another as a secondary gateway node. A 
primary inter-ring connection is established for the particu- 
lar service by a switch at the primary gateway node, but no 
inter-ring connection is established at the secondary gateway 
node. The secondary gateway node comprises a controller 
for monitoring the status of the primary gateway node and 
establishing a new inter-ring connection for delivery of said 
service upon detecting a failure of the primary gateway 
node. This provides survivable inter-ring traffic which is 
bandwidth -efficient and with a low switching delay. 

18 Claims, 11 Drawing Sheets 
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METHOD AND APPARATUS FOR ENSURING 
SURVIVABILITY OF INTER RING TRAFFIC 

FIELD OF THE INVENTION 5 

The present invention relates to the transmission of opti- 
cal data and, in particular, to a method for ensuring the 
survivability of traffic travelling between adjacent rings. 

BACKGROUND OF THE INVENTION 30 

SONET, or Synchronous Optical NETWork, is now the 
preferred standard for optical transport of telecommunica- 
tions traffic in North America. This standard has been 
developed and implemented over the last decade to give 15 
telecommunications carriers important benefits that are dif- 
ficult to achieve using previously available asynchronous 
transport technology. Among the most significant of these 
advantages are: greater compatibility among equipment 
from different manufacturers; synchronous networking for 20 
improved reference timing of network elements; enhanced 
operations, administration and provisioning capabilities; and 
compatibility with any service mix including both tradi- 
tional services and newer services such as Asynchronous 
Transfer Mode (ATM) traffic. 25 

The SONET hierarchy is built upon a basic signal of 51,84 
megabits per second (Mbps), known in the art as a level-1 
synchronous transport signal frame, denoted STS-1 and 
sometimes referred to as a "time slot". A byte-interleaved 
multiplexing scheme can be applied to multiple STS-1 30 
frames, resulting in a digital signal having a rate of N times 
the basic rate, where N is typically 1, 3, 12, 48 or 192. The 
optical form of an STS signal is called an optical carrier 
(OC) and thus an STS-N signal and an OC-N signal have the 
same rate. 35 

The STS-1 frame has a portion of its capacity used for 
delivering payload, while the remaining portion is devoted 
to overhead. The payload refers to the data or traffic part of 
a signal, while the overhead consists of signalling and 4Q 
protocol information. The use of the SONET overhead 
allows communication between intelligent nodes in the 
network, which enables administration, surveillance, provi- 
sioning and control of the network to be carried out from a 
central location. 

45 

Today's SONET transport networks typically employ a 
number of different topologies to satisfy important objec- 
tives such as network simplicity, cost containment, band- 
width efficiency and survivability. For instance, an optical 
hubbing configuration may be used to eliminate the need for 50 
a costly and complicated arrangement consisting of several 
back-to-back network elements. Another example is the 
deployment of self-healing rings to assure survivability of 
traffic around the ring through the provision of redundant 
communications paths. 5S 

By way of example, a two-fiber bidirectional line- 
switched ring (2F BLSR) is a survivable SONET transport 
architecture that protects against cable cuts and node failures 
by providing duplicate, geographically diverse paths for 
each service to be delivered. In a 2F BLSR, the two fibers 60 
carry unidirectional traffic in opposite directions and the 
bandwidth of each unidirectional fiber is split between 
working traffic and protection traffic. 

A service path is provisioned through a 2F BLSR by 
selecting endpoint network elements and one or more STS-1 65 
time slots linking the service entry and exit points. Although 
two communication paths are available around the ring, a 
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service reaches its destination by travelling along the work- 
ing path of only one of these. Intermediate nodes on the 
service path, if they exist, simply pass the service from east 
to west (or vice versa) without modifying the STS-1 channel 
assignment. 

In the event of a failure or degradation of an optical span, 
the automatic ring protection switching functionality of 
SONET reroutes affected traffic away from the fault within 
50 milliseconds in order to prevent a service outage. Traffic 
is redirected by looping back STS-1 time slots across the 
protection path in the other direction. The normally unused 
protection bandwidth thus forms a logical bridge over the 
defective span, thereby maintaining service for all terminat- 
ing and pass-through traffic. 

Another characteristic of the 2F BLSR architecture is that 
it allows individual STS-1 channels to be reused as traffic is 
terminated at various locations around the ring. This feature 
makes the 2F BLSR architecture ideally suited to the mesh 
and node-to -adjacent-node traffic patterns found in interof- 
fice networks and also in certain types of access networks. 
The reuse of STS-1 channels also offers important band- 
width synergies in ATM networks. 

In a four-fiber (4F) BLSR, two pairs of unidirectional 
fibers link adjacent nodes in the ring. One fiber pair exclu- 
sively carries working traffic while the other pair serves as 
a protection facility. If a fault affects a working fiber along 
a span, traffic is rerouted along the corresponding protection 
fiber. If the fault affects both the working and protection 
fibers, automatic ring protection switching redirects traffic in 
a manner similar to a 2F BLSR. However, instead of looping 
back time slots within the same fiber pair as in a 2F BLSR, 
traffic is transferred from the working pair to the protection 
pair. 

In many cases, it is desirable to exchange information not 
only between nodes in a ring but also between nodes located 
in separate rings. Using SONET, adjacent rings are easily 
connected to one another by virtue of arranging one or more 
nodes from each ring to communicate as gateway nodes. 
While the above-described route diversity fully protects all 
working traffic passing from node to node along an indi- 
vidual ring, service paths must nevertheless be protected on 
an end-to-end basis. This means that survivable inter-ring 
connections are required as traffic passes through the des- 
ignated gateway nodes from the ring serving the entry point 
to the ring serving the termination point. 

To this end, protection of inter-ring traffic can be provided 
by the SONET "matched nodes" configuration, in which 
redundant (i.e., duplicate) routing is provided across inter- 
ring boundaries. For example, FIG. 1 illustrates a matched 
nodes configuration as applicable to two 2F BLSR rings 
wishing to communicate with one another. Node 6 in ring 2 
and "matched" node 14 in ring 8 have been chosen as 
primary gateway nodes, while node 10 in ring 2 and 
"matched" node 16 in ring 8 have been configured as 
secondary gateway nodes. 

Within primary gateway node 6, a drop-and-continue 
router 4 is used for duplicating a working signal and 
forwarding copies of the signal to secondary gateway node 
14 in ring 8 as well as to secondary gateway node 10 within 
ring 2. Secondary gateway node 10 is equipped with means 
for forwarding the received copy to secondary gateway node 
16 in ring 8, which then sends the copy to primary gateway 
node 14. Thus, under normal operating conditions, primary 
gateway node 14 in ring 8 receives two copies of the signal 
transmitted by primary gateway node 6 in ring 2. In FIG. 1, 
the duplicate paths between the two rings are shown as a 
thick solid line. 
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Of course, both copies of the delivered service are not A third drawback of matched nodes becomes apparent 

required at the primary gateway node 14 in ring 8. For this when considering the connection of a large number of 

reason, node 14 is equipped with a service selector 12 that lower-capacity rings to a common main ring. When using 

chooses one of the copies as a function of signal integrity, the matched nodes configuration, each additional ring 

which can be inferred from standard parameters such as the 5 requires two of its nodes to be equipped with matched nodes 

line and/or path alarm indication signal (AIS). For the functionality. Depending on the number of fibers and the 

explanatory purposes, it is assumed that the service selector capacity of each ring, the number of additional rings can be 

12 is programmed to select the "primary" inter-ring signal quite large ^ to 32 2F oc . 12 rings or up to 8 OC-48 rings 

arriving directly from node 6 rather than the cormected l0 a single 4F QC-192 BLSR), leading to an 

"secondary* inter-rmg ; signal arriving .via node 16. M exorbhant number of nctwork e]cments having to be 

In the event of a failure within either nng (e.g. a fiber { d with matched nodes bility> 

fault along fines B-B 'or C-C in FIG. 1), the matched nodes \f . t , . - . , . . . 

- ° - * u *u # The background information provided above clearly mdi- 

configuration provides no significant benefit, as the auto- t jL4 ? . „ j • »i_ • j * . j 

4 . & . r 4 f. p c cnvrrT , n cates that there exists a need in the industry to provide a 

matic nng protection switching facility of SONET will tU 7 . * 

,i ^ * m . , 4 i j r i *u method and apparatus for enabling the survivability of 

cause the working signals to be looped back over the . ty u . . c ° „ . 3 

appropria«e protection path in the respective ring. Rather, the 15 ">^nng traffic which us faster more bandwidth efficient and 

classical advantage of the matched nodes configuration is 2£ tr ,ntegrated thaD ° Urrenlly &Ppbed 10 ^ 

that inter-ring traffic is protected in the event of a failure on 

the inter-ring span between primary gateway nodes 6 and 14, SUMMARY OF THE INVENTION 

e.g., a fiber fault along lines A-A' in FIG. 1. on _ . , . A £ . . , . , 
° T ' ° . . . , . iL t . 20 It is an object of the present invention to obviate or 
In the latter case, node 14 notices that the primary . 4 . . J - . * e . . 
in lu i i , mitigate one or more disadvantages of the prior art. 
inter-ring signal arriving from node 6 is lost and switches its * . : b f _ - 
service selector 12 to the secondary inter-ring signal arriving ^ mventlon f 1 ^ be summarized according to one broad 
from node 16. Although the primary inter-ring signal was as P e c ct ™ a mc p thod i and corresponding network element 
lost, the secondary inter-ring signal remains unaffected by „ configuration for delivering communications services 
the fiber fault. For this reason, the matched nodes configu- betwccn first ^ d survivable rings. Each nng corn- 
ration is often used for providing survivable connections P nses r a respective plurality of network elements and at least 
between rings lwo these are common to both rings, among which one is 
' , < j j ~ m . . , designated as a primary gateway node and another is des- 
However. the matched nodes configuration is afflicted • 7 j j * a c u • * u 
\ * i_ i . . f , ignated as secondary gateway node, tor each service to be 
with several serious drawbacks which make it a rather 30 f r , . . . J . . . ... , , c 

~ . L . c . lL 4 4 . r * t delivered. A primary inter-nng connection is established tor 

unsatisfactory choice for ensuring the protection or inter- i • L *r.*u • * a 

„ i,. t1 , . £ ,i -t t • | i t i a particular service by a switch at the primary gateway node, 

nng traffic. Firstly, duplication of the data signal by the , \ . . J . 7 , 

, 6 , A . ' j - , but no inter-nng connection is established at the secondary 

drop-and-continue router 4 within primary gateway node 6 t j a . n ■ .i. j . j 

r . j j.i. j # i* *• gateway node. A controller in the secondary gateway node 

results in a waste of bandwidth under non-fault operating b . J . i ^ Ci , . ' & , : 

.... wc it , , , 4 j monitors the status of the primary gateway node and, upon 

conditions. If other network elements were connected 35 , 4 . £ . ^ ** , . ur u 

lt , - Jtt _ detecting a failure of the primary gateway node, establishes 

between nodes 6 and 10, for example, then the bandwidth .° J c j t • «u 

* re j <• j r / • • *• c \ a new mter-rmg connection for delivering the service, 

available to carry traffic destined for (or originating trom) r* 0 

such intermediate nodes would be notably reduced relative 1116 status of the P nmar > S atewav node mav be commu - 

to the working bandwidth available in the absence of nicated along a control channel shared by the various nodes 

matched nodes 40 in cach ring * Tnc nngs ^n 156 ^ 65 ma y be two-fiber or 

Asecondproblemarisesduetotherelianceoftheservice four "f er BLSRs and ^e may be more than one ring 

selector 12 within node 14 upon the integrity of the primary J ouied to a main rmg in a subtending nngs configuration, 

inter-ring signal received from node 6. Specifically, it is ^ invention may be summanzed according to another 

noted that at least two distinct scenarios may result in loss broad ^P^ 1 a computer-readable storage medium con- 

of the primary inter-ring signal. One of these is a fiber fault 45 tainin S software that, when running on a processor, follows 

along lines A-A' in FIG. 1, which clearly necessitates a a sequence of steps to control a switch m a network element, 

quick reaction by the service selector 12 in order to avoid a the swltch bem S operable to controllably establish an inter- 

prolonged outage. In a second instance, the primary inter- rin g connection between first and second rings. The steps 

ring signal can also be lost due to a failure on ring 2 along comprise monitoring the status of another network element 

lines B-B\ However, the standard automatic ring protection 50 and establishing an inter-nng connection upon failure of the 

switching functionality inherent to the design of the ring 2 other network element. 

will cause the "lost" signal to be looped back around the BRIEF DESCRIPTION OF THE DRAWINGS 

protection path of ring 2 and delivered, uncorrup ted, to node . 

6 via node 10 Tk c P re f erre ^ embodiment of the present invention will 

Therefore, in order to avoid prematurely switching the 55 now * described with reference to the accompanying 

service selector 12, it is necessary for the secondary gateway drawings, in which: 

node 14 to pause upon initial detection of a loss of the FIG - 1 shows in schematic form a "matched nodes'' 
primary inter-ring signal in order to determine whether the configuration according to the prior art; 
signal loss is indeed irreparable. The length of this pause, FIG. 2 shows in schematic form a subtending ring con- 
known as the "hold off" time for matched nodes, has been 60 figuration in accordance with the preferred embodiment of 
specified to be 100 milliseconds in Bellcore standard the invention; 

GR-1230, issue 3, chapter 7, hereby incorporated by refer- FIG. 3 A illustrates the first of three scenarios for provid- 
ence herein. Clearly, if the signal loss truly is due to a fault ing survivable inter-ring traffic in accordance with the pre- 
along line A-A, then the 100 millisecond hold off time ferred embodiment of the invention, in which there is 
disadvantageous^ results in an unnecessary outage, with 65 established a primary inter-ring connection through a pri- 
consequences ranging from mild to severe for the telecom- mary gateway node and a "shadow" inter-ring connection at 
munications service provider. a secondary gateway node; 
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FTC 3B shows establishment of a new inter-ring connec- the case of a 4F BLSR, the spans would each consist of a 

tion through the secondary gateway node upon failure of the pair of unidirectional working fiber segments and a pair of 

primary gateway node in FIG. 3A, in accordance with the unidirectional protection fiber segments, 

preferred embodiment of the invention; Nevertheless, in the interest of simplifying the drawing, 

FIG. 3C shows immunity of the primary inter-ring con- 5 FIG. 2 generically shows the working path in the main ring 

nection established through the primary gateway node in 200 as consisting of bidirectional fiber segments 202 W, 

FIG. 3A to a failure of the secondary gateway node; 204W, 206W, the protection path in the main ring 200 as 

FIG. 4A illustrates the second of three scenarios for consisting of bidirectional fiber segments 202P, 204P, 206P, 

providing survivable inter-ring traffic in accordance with the mc working path in the subtending ring 210 as consisting of 

preferred embodiment of the invention, in which there is 10 bidirectional fiber segments 212W, 214W, 216W and the 

established a primary inter-ring connection through a pri- protection path in the subtending ring 210 as consisting of 

mary gateway node and a "shadow" inter-ring connection at bidirectional fiber segments 212P, 214P, 216P. It should be 

a secondary gateway node; appreciated that a suitable number of fibers, dependent on 

m/^ at> u * u' u . c • * the type of ring used, is to be used when implementing the 

FIG. 4B shows establishment of a new inter- ring connec- _ . J f. _ ° tJ \ L , A , . * . & 

< . , f *i p *u 15 invention. It should also be understood that more than one 

tion through the secondary gateway node upon failure of the , , iL , , , 

, j • a a * a uu *u subtending rmg may be connected to the gateway nodes and 

pnmary gateway node in FIG. 4Ain accordance with the , , ^i* * . r * 

c j t_ j* . c .u • that the subtending rings may be of any type or capacity, 

preferred embodiment of the invention; & & j j jv v j 

, . . . j-T-r^><A The network elements other than gateway nodes Gl and 

FIG. 4C shows how the pnmary gateway node in FIG. 4A ~- , , , , , , , .° . . r 

. i . . . . r 4- • *l * r c -i G2 can be standard network elements within the context of 

maintains an inter-ring connection in the event of a failure 2 n cnwrT _ t , T , • . n „„„ Mmi „ a nf Ua ; „,* ~p - 

of the secondar atewa node- SONET networking. As a consequence of being part of a 

0 e c ' * " ' survivable ring, the network elements are equipped with 

FIG. 5A illustrates the third of three scenarios for pro- automatic ring protection switching functionality for han- 

viding survivable inter-ring traffic in accordance with the failures occxirring within the ring to which the network 

preferred embodiment of the invention, in which there is element belongs. The gateway nodes G1,G2 are also 

established a primary inter-ring connection through a pri- 25 equipped with this automatic ring protection switching cap a- 

mary gateway node and a "shadow" inter-ring connection at 5ility bul> m acc0 rdance with the invention, are additionally 

a secondary gateway node; and capable of ensuring the survivability of inter-ring traffic in 

FIG. 5B shows establishment of a new inter-ring connec- the event of gateway node failures as will be further 

tion through the secondary gateway node upon failure of the described hereinbelow. 

primary gateway node in FIG. 5A in accordance with the 30 with specific reference to FIG. 2 and gateway node Gl in 

preferred embodiment of the invention; and particular, the latter comprises a switch SI, a memory (not 

FIG. 5C shows how the primary gateway node in FIG. 5A shown), a controller CI and various opto-electronic 

maintains an inter-ring connection in the event of a failure converters, partly shown at El. The opto-electronic convert- 

of the secondary gateway node. ers El are of standard design and are used for converting 

35 incoming optical OC-N signals arriving via optical fiber 

DETAILED DESCRIPTION OF THE segments 204W, 204P, 206W, 206P, 214W, 214P, 216W and 

PREFERRED EMBODIMENT 2 16P into electronic STS-N signals and for converting 

Firstly, to reduce the number of nodes that are required to outgoing electronic signals into optical ones for transmission 

provide inter-ring connections, the concept of subtending 4Q to other network elements along the optical fiber segments, 

rings is introduced. A subtending ring configuration is an The switch SI is preferably a controllable digital elec- 

advanced multi-ring configuration in which a node's tribu- tronic switch for routing STS-1 (or higher-level) frames of 

tary or line optics support one or more secondary rings. This SONET traffic from any fiber segment to any other fiber 

arrangement offers substantial capital savings as well as segment. Of course, consideration is to be given as to the 

network simplification at a central office hub by allowing a 45 type (2F BLSR, a 4F BLSR, etc.) and capacity of the main 

single network element to serve in place of multiple collo- and subtending rings, which have a bearing on switch 

cated shelves. capacity and the number of ports required in the switch. 

Referring to FIG. 2, there is shown a main ring 200 Routing is effected by the switch SI in accordance with 

comprising a plurality of network elements, among which switching instructions received from the controller CI, to 

network elements 200A, 200B, Gl and G2 are shown 50 which it is connected via a control line Dl. Most STS-1 

interconnected by fiber optic spans. Network elements Gl signals arriving at the switch SI will carry traffic frames, 

and G2 are configured as gateway nodes for providing which are routed by the switch SI towards the appropriate 

inter-ring connections between the main ring 200 and a opto-electronic converter El via the corresponding signal 

subtending ring 210. The subtending ring 210 also consists line LI. 

of a plurality of interconnected network elements, including 55 [ n addition, it is desirable that at least one incoming and 

the two common gateway nodes G1,G2 as well as individual outgoing STS-1 (or higher-level) signal serve as a control 

network elements indicated at 210A and 210B. channel for transmitting operation, administration, mainte- 

Both rings 200,210 are survivable rings, i.e., they possess nance and provisioning (OAM&P) information to and from 

an automatic ring protection switching functionality, allow- controller in each gateway node. Accordingly, the switch SI 

ing each ring to maintain survivable traffic within the $0 routes the incoming OAM&P information to the controller 

respective, ring. Suitable survivable topologies for the main CI via control line Dl and also receives outgoing OAM&P 

ring 200. and the subtending ring 210 are the two-fiber information from the controller CI, which it then routes 

BLSR and four-fiber BLSR architectures. towards the appropriate opto-electronic converters El via the 

As mentioned, the fiber optic spans linking the network signal lines LI, for transmission across the corresponding 

elements of a 2F BLSR would consist of a pair of unidirec- 65 fiber segments. 

tional fiber segments, each fiber segment carrying both The OAM&P information preferably includes the status 

working and protection traffic in the same given direction. In of various network elements in both survivable rings. Those 
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skilled in the SONET networking art will recognize that it is The secondary gateway node G2, on the other hand, is 

standard practice to provide an indication of whether a given provisioned not to effect an inter-ring connection for this 

network element is "failed" or "not failed". In addition, the particular service. That is to say, OAM&P information 

OAM&P information preferably comprises initial switching provided to the controller C2 indicates that the switch S2 is 

instructions to be executed by the switch SI upon setup of 5 to not establish an inter-ring connection, since a primary 

a service connection and to be maintained throughout the inter-ring connection is already established by the primary 

duration of the service under normal (i.e., non-fault) condi- gateway node Gl. Rather, the algorithm run by the controller 

tions. C2 requires monitoring of the status of the primary gateway 

The controller CI may be a micro-controller, a digital node Gl. A convenient way to visualize the monitoring 

signal processor (DSP), an application-specific integrated i° process from the perspective of the controller C2 in the 

circuit (ASIC) or any other type of programmable logic secondary gateway node G2 is to imagine that a "shadow" 

device. The controller CI generates switching instructions inter-ring connection (shown in FIG. 3A as a thick dotted 

for the switch SI based on OAM&P information received line) is established through the secondary gateway node G2. 

therefrom via the control line Dl. The controller CI also If the status of the primary gateway node Gl is "not 

generates and/or forwards OAM&P information, which it 15 failed", then the algorithm provides that controller C2 

passes to the switch SI along the control line Dl. inform the switch S2 that there is still no inter-ring connec- 

Generation of the switching instructions is achieved by tion 10 be established for this particular service. However, if 

the controller CI executing program instructions contained the status of the primary gateway node Gl is "failed", then 

in the memory, which may in fact be internal to the con- lne controller C2 instructs the switch S2 to connect the 

troller. One a service-by-service basis, the switching instruc- 20 protection segment 202P of the main ring 200 to the pro- 

tions provided to the switch SI are essentially the same as Action segment 212P of the subtending ring 210. 

the initial switching instructions (forming part of the It is now shown that survivability of inter-ring traffic is 

OAM&P information) when there are no detected faults in ensured by the just described algorithm as applied to various 

the system. However, the initial switching instructions will failure situations. Failure of the primary gateway node Gl is 

be over-ridden under fault conditions. 25 first considered with additional reference to FIG. 3B. Since 

The above discussion applies analogously to gateway either ring 200,210 taken individually is survivable, the 
node G2, which also comprises a switch S2, a memory (not signal formerly headed for the primary gateway node Gl 
shown), a controller C2 connected to the switch S2 by along working segment 206W will be looped back around 
control line D2 and a plurality of opto-electronic converters the protection path of ring 200 and will arrive at the 
E2 connected to the switch S2 by respective signal lines L2. secondary gateway node G2 via protection fiber 202P. 
The controller C2 similarly executes an algorithm, possibly Similarly, the signal formerly arriving at the primary gate- 
stored as a software program in the memory, to generate way node Gl along working segment 21 6W will be looped 
switching instructions for the switch S2. back around the protection path of ring 210 and will arrive 

While the structure of the two gateway nodes G1,G2 is 35 at thc secondary gateway node G2 via protection fiber 212P. 

indeed quite similar, there are differences as to the content Thus, connecting the protection segment 202P of the main 

of the program code containing instructions for generating ring 200 to the protection segment 212P of the subtending 

the switching instructions to control the respective switch. ring 210 in accordance with the invention establishes a new 

These differences are now considered in the context of an inter-ring connection (shown as a thick solid line in FIG. 3B) 

operational description of the gateway nodes. 40 which ensures the survivability of inter-ring traffic. 

As required for the delivery of inter-ring services, the Moreover, rerouting the new inter-ring connection estab- 

switches S1,S2 in gateway nodes G1,G2 have the capability lished over ^ protection segments 202P, 212P does not 

to pass traffic between rings. According to the invention, affect working segments 202W, 212W or inter-gateway 

only one of these gateway nodes (the "primary gateway working segments 204W, 214W. Segments 202W, 212W are 

node") is chosen to provide the inter-ring connection, while 45 therefore free to be used as a P rimar y rater-ring connection 

the other gateway node is known by default as the "second- for anotber service > regardless of the status of the primary 

ary gateway node". It is to be appreciated that the gateway gateway node G2. 

node provisioned as a primary gateway node for one inter- Furthermore, inter-gateway working segments 204W, 

ring service may be provisioned as'a secondary gateway 214W are free to transport traffic to and from intermediate 

node for another inter-ring service, as needed for most 50 nodes located between the primary and secondary gateway 

efficient utilization of the rings' available bandwidth. nodes G1,G2. Failure of the primary gateway node Gl does 

Therefore, without loss of generality, one may consider the not affect the delivery of such intermediate traffic. Failure of 

delivery of a single service and choose gateway nodes Gl botn me primary gateway node and the intermediate node 

and G2 as the primary and secondary gateway nodes, automatically initiates the standard operation of squelching 

respectively. 55 me intermediate traffic and/or the inter-ring traffic which 

FIGS. 3A, 4A and 5A show three possible scenarios in compete from the same protection bandwidth on segment 

which the primary gateway node Gl can establish an inter- 202P. 

ring connection. With specific reference to FIG. 3A, the Of course, failure of the secondary gateway node G2 must 

switch SI in the primary gateway node Gl is initially also be dealt with. However, as is shown more clearly in 

provisioned to establish a primary inter-ring connection <so FIG - 3C > the fact that the primary inter-ring connection 

(thick solid line) between working segment 206W from the (shown as a thick solid line) established by the primary 

main ring 200 and working segment 216W from the sub- gateway node Gl is isolated from gateway node G2 means 

tending ring 210. It is noted that the switch SI does not that this first scenario for providing an inter-ring connection 

establish a redundant connection between segments 206W is immune to failures of the secondary gateway node G2. 

and 204W or between segments 21 6 W and 214W. In this 65 FIG. 4A shows another scenario in which the primary 

way, the bandwidth along segments 204W and 214W gateway node Gl provides a primary inter-ring connection, 

remains available, e.g., for use by future intermediate nodes. In this case, the switch SI in the primary gateway node Gl 
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is initially provisioned to establish a primary inter-ring 
connection (shown as a thick solid line) between working 
segment 206W from the main ring 200 and inter-gateway 
working segment 214W from the subtending ring 210. It is 
noted that the switch SI does not establish a redundant 
connection between segments 206 W and 204W, thereby 
liberating the bandwidth along segment 204W. 

The switch S2 in the secondary gateway node G2 is 
initially provisioned to establish a connection (the continu- 
ation of the thick solid line) between working segments 
212W and 214W of the subtending ring 210 but this con- 
nection is not an inter-ring connection for this particular 
service because a primary inter-ring connection has already 
been established by the primary gateway node Gl. 

Again, the algorithm being executed by the controller C2 
requires monitoring the status of the primary gateway node 
Gl. This can be visualized as forming a "shadow" inter-ring 
connection (shown in FIG. 4A as a thick dotted line) at the 
secondary gateway node G2. If the status of the primary 
gateway node Gl is "not failed", then the controller C2 
informs the switch S2 that the only required connection for 
this service is the connection between working segments 
212W and 214W, which is already in place. There is still no 
inter-ring connection to be established by the secondary 
gateway node G2 for this particular service. However, if the 
status of the primary gateway node. Gl is "failed", then the 
controller C2 instructs the switch S2 to connect the protec- 
tion segment 202P of the main ring 200-to the working 
segment 212W of the subtending ring 210. 

Survivability of inter-ring traffic is ensured by the just 
described algorithm as applied to various failure situations. 
Firstly, a failure of the primary gateway node Gl is consid- 
ered with additional reference to FIG. 4B. In this case, due 
to the survivability of the main ring 200, the signal formerly 
arriving at the primary gateway node Gl along working 
segment 206W will be looped back around the protection 
path of ring 200 and will arrive at the secondary gateway 
node G2 via protection fiber 202P. However, the traffic on 
working segment 212W will remain intact. 

Thus, connecting the protection segment 202P of the main 
ring 200 to the working segment 212W of the subtending 
ring 210 in accordance with the invention establishes a new 
inter-ring connection (shown as a thick solid line in FIG. 4B) 
which ensures the survivability of inter-ring traffic. 
Moreover, rerouting the new inter-ring connection estab- 
lished over protection segment 202P does not affect working 
segment 202W or inter-gateway working segment 204W. 
Segment 202W is therefore free to be used as part of a 
primary inter-ring connection for a different service, regard- 
less of the status of the primary gateway node G2. 

Furthermore, inter-gateway working segment 204W is 
free to transport traffic to and from intermediate nodes 
located between the primary and secondary gateway nodes 
G1,G2 along ring 200. Failure of the primary gateway node 
Gl does not affect the delivery of such intermediate traffic, 
while failure of the primary gateway node and of the 
intermediate node requires the standard squelching of the 
intermediate traffic or of the inter-ring traffic competing for 
protection bandwidth. 

Naturally, a failure of the secondary gateway node G2 
must also be considered and to this end, reference is now 
made to FIG. 4C In the event of a failure of gateway node 
G2, standard automatic ring protection switching will cause 
the traffic formerly on working segment 212W to be looped 
back to the primary gateway node Gl via protection segment 
216P. Since the primary gateway node Gl is itself equipped 
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with standard automatic ring protection switching capability, 
the controller CI automatically provides switching instruc- 
tions to the switch SI which then communicates with 
protection segment 21 6P instead of working segment 214W. 
5 The thick solid line in FIG. 4C shows that an inter-ring 
connection continues to be provided by the primary gateway 
node Gl in the event of a failure of tie secondary gateway 
node G2. 

Finally, in FIG. 5A is shown the third way in which the 
1° primary gateway node Gl can establish an inter-ring con- 
nection for a particular service. In this case, the switch SI in 
the primary gateway node Gl is initially provisioned to 
establish a primary inter-ring connection (shown as a thick 
solid line) between inter-gateway working segment 204W 
15 from the main ring 200 and working segment 216W from the 
subtending ring 210. It is noted that the switch Si does not 
establish a redundant connection between segments 216W 
and 214W, thereby freeing the bandwidth along segment 
214W. 

20 The switch S2 in the secondary gateway node G2 is 
initially provisioned to establish a connection between 
working segments 202W and 204W of the main ring 200. 
However, switch SI is instructed not to establish an inter- 
ring connection for this particular service, since a primary 

25 inter-ring connection has already been established by the 
primary gateway node Gl. As usual, the controller C2 is 
required to monitor the status of the primary gateway node 
Gl, which can be visualized as forming a "shadow'' inter- 
ring connection at the secondary gateway node G2, which is 

30 depicted as a thick dotted line in FIG. 5A. 

If the status of the primary gateway node Gl is "not 
failed", then the controller C2 informs the switch S2 that the 
only connection for this service is the connection between 

35 working segments 202W and 204W, which is already in 
place. There is still no inter-ring connection to be established 
by the secondary gateway node G2 for this particular 
service. However, if the status of the primary gateway node 
Gl is "failed", then the controller CI instructs the switch S2 

40 to connect the working segment 202W of the main ring 200 
to the protection segment 212P of the subtending ring 210. 

To demonstrate that execution of the algorithm does in 
fact ensure survivability of inter-ring traffic, one must con- 
sider the situation in which the primary gateway node Gl 

45 fails. In this case, with further reference to FIG. 5B, standard 
automatic ring protection switching provides that the traffic 
formerly on working segment 21 (TW will be looped back 
around the protection path of ring 200 and will arrive at the 
secondary gateway node G2 via protection segment 212P. 

50 However, the traffic on working segment 202W will remain 
intact. 

Thus, connecting the working segment 202W of the main 
ring 200 to the protection segment 212P of the subtending 
ring 210 in accordance with the preferred embodiment of the 

ss invention establishes a new inter-ring connection, shown as 
a thick solid line in FIG. 5B, which ensures the survivability 
of inter-ring traffic. Moreover, rerouting the new inter-ring 
connection established over protection segment 212P does 
not affect working segment 212W or inter-gateway working 

(50 segment 214W. Segment 212W is therefore free to be used 
as part of a primary inter-ring connection for a different 
service, regardless of the status of the primary gateway node 
G2. 

Furthermore, inter-gateway working segment 214W is 
65 free to transport traffic to and from intermediate nodes 
located between the primary and secondary gateway nodes 
G1,G2 along ring 210. Failure of the primary gateway node 
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Gl does not affect the delivery of such intermediate traffic, 
while failure of both the primary gateway node and the 
intermediate node requires the usual and standard squelch- 
ing of intermediate or inter-ring traffic. 

Of course, a failure of the secondary gateway node G2 
should also be considered and this is now done with refer- 
ence to FIG. SC. Standard automatic ring protection switch- 
ing will cause the working traffic formerly arriving at the 
secondary gateway clement G2 along working fiber 202W to 
be looped back onto the protection path. The traffic so 
looped back will then reach the primary gateway node Gl 
via protection segment 206P. Since the primary gateway 
node Gl is also equipped with the standard automatic ring 
protection switching capability, the controller CI automati- 
cally provides switching instructions to the switch S2 which 
then establishes contact with protection segment 206P 
instead of working segment 204W. The resulting flow of 
traffic resulting therefrom is shown as a thick solid line in 
FIG. SC. 

Clearly, the above description and illustrations demon- 
strate that the preferred embodiment of the invention pro- 
vides survivable inter-ring traffic which is bandwidth- 
efficient. It is also noted that the switching delay is governed 
only by the speed of automatic ring protection switching of 
the self-healing rings and requires no additional hold-off 25 
time. Furthermore, by connecting the nodes in a subtending 
rings configuration, the invention requires only two nodes to 
be equipped with special switching functionality. 

While the preferred embodiment of the present invention 
has been described and illustrated, it will be apparent to 
persons skilled in the art that numerous modifications and 
variations are possible. For example, in an alternate embodi- 
ment of the invention, the optical signals travelling across 
the various fiber segments can be wavelength division 
multiplexed. In such a case, the gateway nodes G1,G2 would 
be equipped with respective optical demultiplexers for iso- 
lating the individual optical channels carried by an incoming 
WDM optical signal. Similarly, the gateway nodes would 
comprise respective multiplexers for the purpose of com- 
bining several distinct opto-electronically converted optical 
signals onto a single WDM optical signal. 

The controller in each gateway node could then be 
connected to those opto -electronic converters which accept 
incoming optical control channels arriving on the working 
and protection fibers of each ring via the optical demulti- 
plexers. These control signals could provide the controller 
with the required OAM&P instructions in encoded form. 
Also, the controller could provide the encoded OAM&P 
instructions to those opto-electronic converters which output 
optical control channels onto fiber segments via respective 
optical multiplexers. 

Moreover, if a dense wavelength-division multiplexing 
system is employed, it may prove advantageous to employ 
controllable optical switches instead of electronic ones. 

Finally, it will also be apparent to those skilled in the art 
that the invention is not limited to applications in SONET 
networks but is indeed usable with other synchronous sig- 
nalling standards, such as the Synchronous Digital Hierar- 
chy (SDH) commonly used in Europe and in other regions. 
SDH also provides for automatic ring protection switching 
and therefore the controller in each gateway node could be 
altered to perform the additional functions required to main- 
tain survivable inter-ring connections as described herein. 

In view of the many further conceivable variations of the 
invention, its scope is only to be limited by the claims 
appended hereto. 
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We claim: 

1. A method of delivering communications services 
between first and second survivable rings each comprising a 
respective plurality of network elements, at least two of 
which are common to both rings, the method comprising the 
steps of, for each service: 

designating one common network element as a primary 

gateway node and another common network element as 

a secondary gateway node; 
at the primary gateway node, establishing a primary 

inter-ring connection for delivery of said service 

between the first and second rings; and 
at the secondary gateway node, monitoring the status of 

the primary gateway node and establishing a new 

inter-ring connection for delivery of said service upon 

failure of the primary gateway node. 

2. A method according to claim 1, wherein at least one 
ring is a two-fiber bidirectional line-switched ring. 

3. A method according to claim 1, wherein at least one 
ring is a four-fiber bidirectional line -switched ring. 

4. A method according to claim 1, wherein the first ring is 
a two-fiber bidirectional line-switched ring and the second 
ring is a four-fiber bidirectional line^switched ring. 

5. A method according to claim 1, 

wherein adjacent network elements in the first ring are 
connected by a first working path and by a first pro- 
tection path; 

wherein adjacent network elements in the second ring are 

connected by a second working path and by a second 

protection path; 
wherein the primary inter-ring connection is established 

between the working path of the first ring and the 

working path of the second ring; and 
wherein the new inter-ring connection is established 

between the protection path of the first ring and the 

protection path of the second ring. 

6. A method according to claim 1, 

wherein adjacent network elements in the first ring are 
connected by a first working path and by a first pro- 
tection path; 

wherein adjacent network elements in the second ring are 

connected by a second working path and by a second 

protection path; 
wherein the primary inter-ring connection is established 

between the working path of the first ring and the 

working path of the second ring; and 
wherein the new inter-ring connection is established 

between the working path of the first ring and the 

protection path of the second ring. 

7. A method according to claim 1, 

wherein adjacent network elements in the first ring are 
connected by a first working path defining a first 
inter-gateway working segment between the primary 
and secondary gateway nodes and by a first protection 
path;. 

wherein adjacent network elements in the second ring are 
connected by a second working path defining a second 
inter-gateway working segment between the primary 
and secondary gateway nodes and by a second protec- 
tion path; 

wherein the primary inter-ring connection is established 
between the working path of the first ring and the 
second inter-gateway working segment; and 

wherein the new inter-ring connection is established 
between the protection path of the first ring and the 
working path of the second ring. 
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8. A method according to claim 1, rings and a second controller for controlling the switch 
wherein adi acent network elements in the first ring are and being operable to monitor the status of the primary 

connected by a first working path defining a first gateway node and cstabhsh a new interring connection 

inter-gateway working segment between the primary a^fnode UP ° D 

and secondary gateway nodes and by a first protection 5 ■ 7 , e ; 

th . U. A network element configuration according to claim 

" ' 10, wherein the primary and secondary gateway nodes 

wherein adjacent network elements in the second ring are comprise a reS pective memory element accessible to 

connected by a second working path defining a second the fifst and SCCQnd controllers> respC ctively, for storing 

inter-gateway working segment between the primary ^ program code executed by the first and second controllers, 

and secondary gateway nodes and by a second protec- respectively 

tion path; j2. A network element configuration according to claim 

wherein the primary inter-ring connection is established 10, wherein the network elements in each ring exchange 

between the first inter-gateway working segment and control information with one another and wherein the con- 

the working path of the second ring; and a5 trol information comprises at least the status of the primary 

wherein the new inter-ring connection is established gateway node. 

between the working path of the first ring and the 13. A network element configuration according to claim 

protection path of the second ring. 11, wherein the network elements in each ring exchange 

9. A method of delivering a communications service control information with one another and wherein the con- 
between a main survivable ring and at least one subtending 2 o trol information comprises at least program code for storage 
survivable ring, each ring comprising a respective plurality in the memory element of a corresponding gateway node, 
of network elements, at least two of which are common to 14. A network element configuration according to claim 
the main ring and the at least one subtending ring, the 13, wherein the network elements in each ring exchange 
method comprising the steps of, for each service: control information with one another and wherein the con- 
designating one common network element as a primary 25 tro1 information further comprises at least the status of the 

gateway node and another common network element as primary gateway node. 

a secondary gateway node; 15 A network element configuration according to claim 

t . * > 1 1 • i * . 10, wherein the first and second rings are fiber optic rings 

at the primary gateway node, establishing a primary . ^ 5 . ■ • 

• 4 • *■ c r ,i * ' comprising fiber optic segments and wherein the primary 

inter-ring connection for delivery or the service , ^ ° * 6 , , . j * * i * 

. , . , e u. ♦ i ™ and secondary gateway nodes are each connected to at least 

between the main ring and one of the at least one JU „, f 6 7 r , . 

j- • a two fiber optic segments of each rmg. 

subtending nng;and ^ j- . i • 

° 16. A network element configuration according to claim 

at the secondary gateway node, monitoring the status of ^ whQKin the switch in the primary gatcway node md the 

the primary gateway node and establishing a new switch in the gateway node are electronic and 

Inter-ring connection for delivery of the service upon ^ whcrein ±t primary ^ secondary gateway nodcs 

failure of the primary gateway node. comprise respective opto -electronic converters connected to 

10. A network element configuration for delivering com- ^ ^^1^ switch ^ foi converting incoming optical sig- 
munications services between first and second survjvable nals {nU> ekctronic signals fed to me respecaV e switch and 
rings, comprising: f or conV erting the signals switched by the respective switch 

a primary gateway node connectable to the first and 4Q mto optical signals for transmission across the fiber optic 

second rings, comprising a switch for controllably segments connected to the respective gateway node, 

establishing connections between the first and second 17 # a network element configuration according to claim 

rings and a controller for controlling the switch and 15^ wherein the switch in the primary gateway node and the 

being operable to establish a primary inter-ring con- switch in the secondary gateway node are optical, 

nection for delivering a service between the first and 45 IS, A network element configuration according to claim 

second ring; 15 ( wherein the fiber optic segments carry wavelength- 

a secondary gateway node connectable to the first and division multiplexed optical signals, 
second rings, comprising a switch for controllably 

establishing connections between the first and second ***** 
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